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INTROOTO  T I OIT . 

It  is  a  usually  recognized  fact  in  problems  of  soil  fertil- 
ity that  farm  manures  "have  three  distinct  ejects  on  the  soil,  name- 
ly,-   '1)  the  direct  addition  of  plant  food;    (2)  the  improvement  of 
bacteriological  conditions;  and '3)  the  addition  of  humus  or  vegetable 
matter.      This  latter  consideration  involves  several  minor  ones,  such 
as  increased  capillarity,  water  holding  capacity,  porosity,  and  the 
liberation  of  plant  food  already  present  but  in  an  unavailable  form 
in  the  undecomposed  mineral  soil  particles,  which  particles  are  in 
reality  portions  of  rocks.      That  has  been  said  in  agricultural  lit- 
erature regarding  the  liberating  e  feet  of  farm  manures  has  been 
said  largely  from  a  theoretical  point  of  view  ,  but  on  rood  hypoth- 
eses nevertheless.      Tot  a  great  deal  has  been  done  to  establish  this 
particular  point 

OBJECT  AID  PLJlE  OF  TITS  IIVISTIGATIOIL 
It  was  the  object  of  this  investigation  to  ascertain  the 
effect  of  farm  manures  on  the  liberation  of  plant  food  in  the  soil, 
in  so  far  as  this  effect  could  be  detected  by  determining  the  amounts 
of  certain  elements  of  plant  fooS  obtained  by  leaohing  cr  percolat- 
ion.      Accordingly  forty  pote  of  soil  were  treated  with  different 
amounts  of  manure  and  ferilizerin  different  combinations,  and  then 
leached  for  a  period  of  sixty  days  with  an  amount  of  water  approx- 
imately   equivalent  to  one  half  the  mean  annual  rainfall.  The 
combinations  and  quantities  of  the    treatments  were  as  follows:-- 
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Manure  alone  added. 
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100 

'200 

200 

g(  0 
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100 

100 

200 

800 

300 

300 

The  equivalents  of  the  applications  in  pounds  per  acre  are  as 
follows :-- 

ICO  £rams   --8  Tons.  ■ 

SCO  grams         --16  Tons  . 

300  grams  24  Tons. 

20  grams   3200  pounds. 

The  pots  used  were  ordinary  four  ga^cn  glazed  crockery  jars. 
The  percolate  escaped  through  a  single  hole  about  1/2  an  inch  in 
diameter  in  the  bottom  of  the  ,iars,  and  was  caught  in  a  bowl  below. 
Directly  over  this  hole  was  placed  a  smell  bunch  of  > lass  wool,  and 
thisin  turn  was  overlain  by  s  piece  of  wire  gauze. 

The  sand  used  was  ordinary  white  quartz  sand  of  medium  coarse- 
ness . 

The  Gray  Silt  Loam  used  was  the  gray  soil  of  the  level  timber 
land  of  the  "^srly  wiscor.pin  Glaeiation.      TMft  poll  contains  *  hifh 
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percentage  of    silt,  and  is  very  light  in  color,  indicating  a  low 
percentage  of  organic  matter. 

The  Brown  Silt  Loam  used  was  the  dark  brown  soil  of  the 
slightly  rolling  prairie  land  of  the  Early  Wisconsin  Glaciation. 
It  is  similar  in  texture  to  the  Gray  Silt  Lcaro  used  except  that  it 
contains  more  organic  matter. 

Partial  analyses  of  the  soils  showed  the  following  percent- 
ages of  nitrogen  and  phosphorus:-- 

%  I  f  P 

Tray  Silt  Loam  .18  .045 

Brown  Silt  Loam  .26 

The  manure  used  was  fresh  cow  manure  having  the  following 
^ercentc^es  of  nitrogen  an,  phosphorus:-- 

TTitrogen  75$ 

Phosphorus   ...  .20 

Pry  Matter  . .21.18$ 
Che  leaching  or  percolation  was  very  unsatisfactory  and  cer- 
tainly was  not  conducive  to  accurate  and  comparable  results.  Par- 
ticular difficulty  was  experienced  with  the  gray  silt  which  admitted 
of  very  slow  percolation.        Furthermore  the  rate  of  leaching  was 
not  the  same  in  the  different  pots  of  this  soil.       Some  of  them  would 
finish  percolating  in  a  few  hours,  while  others  would  require  three 
or  four  days,  and  as  there  was  every  gradation  between  these  two  ex- 
tremes the  leaching  o    this  particular  soil  was  very  unsatisfactory. 
The   trcwn  silt  leached  more  rapidly  and  uniformly,  the  amount  of 
water  (6  liters-)  which  was  applied  at  each  leaching  usually  pass- 
ing through  in  a  few  hours  .      However,  aome  pots  of  this  soil  per- 
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colated  very  slowly  and  required  8  day  or  more  to  drain.       The  sand, 
of  course,  leeched  very  rapidly,  requiring  perhaps  less  than  half  an 
hour  for  the  six  liters  to  past   through.       These  variations  in  the 
rates  of  leachings  are  not  conducive  to  results  that  are  strictly  com- 
parable . 

CHEMICAL  METHODS  AID  PERCMTAGI  OF  ERROR. 
It  was  necessary  to  concentrate  the  percolate  to  500  c.c, 
and  then  use  aliquot  parts  of  this  amount  for  the  analyses.  Only 
two  elements,  nitrogen  and  phosphorus  were  determined.       The  nitrogen 
was  determined  by  the  ordinary  Z.leldahl  method,  that  is,  digesting 
the  substance  with  concentrated  sulphuric  acid,  neutralizing  with 
alhali,  distilling-  and  determining-  the  nitrogen  in  the  form  of  ammon- 
ia by  titration.      The  phosphorus  was  determined  by  the  Pemoerton 
method,  that  is,  precipitating  with  ammonium  molybdate,  filtering, 
dissolving  the  precipitate  in  standard  yOH,  and  titrating  the  excess 
with  HBOg.       The  70H  used  was  of such  £    strength  that  10  c.c.   of  it 
would  dissolve  an  amount  of  the  precipitate  containing   .25  of  a 
milligram  of  phosphorus.      Much  difficulty  was  experienced  in  getting 
the  duplicates  to  check  in  the  phosphorus  determinations,  and  they 
had  to  be  done  the  third  time  before  any  results  at  all  consi;  tent 
were  obtained .      From  the  duplicate  analyses  given  in  Table  I  the 
character  and  magnitude  of  the  variation  can  be  seen  by  the  comparison 
of  each  ±;air  of  analyses  which  should  be  exact  duplicates. 


Table  I.  Duplicate  Analyses  of  the  Phosphorus  in  the  Leadlines. 
Computed  to  parts  per  million  of  dry  soil. 


Manure  applied  per  acre 

IT  one 

8  Tons 

16  Tons 

24  Tons 

"Oil 

i  nalyse 

3  1 

2 

m 

4 

6 

7 

8 

Sand 

First 
Second 

.117 

.133 

.150 
.145 

.011 
.044 

.011 
.016 

.234 
.212 

.033 
.033 

2.00 
1.98 

.  83? 
!859 

Gray  Silt  Loam 

First 
Second 

.302 
.270 

.142 
.143 

Lost 
Lost 

.302 
.34 

.286 
.344 

.740 
.700 

.445 
Lost 

.509 
.4  3C 

Brown  Silt  Loam 

First 

C  O  f  C\Y\ 
CO  UXiU 

.786 
.852 

.860 

1.048 
1.048 

.557 
.589 

.557 

.688 

.704 
.655 

.868 
.868 

.739 
.731 

0  lbs.  rock 

phosphate  per  acre 

add  itional . 

Bray  Silt  Loam 

Second 

.461 
.465 

.278 
.286 

.254 
.  22 

.278 
.24  6 

.159 
.17  5 

.111 
.111 

.238 
.230 

.142 
.096 

First 
Second 

.576 

Lost 
Lost 

O  *J  o 

•  c  /  u 
.327 

.409 
.37  6 

.491 
.426 

.123 
.139 

.360 
.352 

.508 
.47E 

Table  II.  Lup 
C 

licat e 
omput ed 

Analys 
to  pa 

es  of  the  nitrogen  in  the  Leachin^s. 
rts  per  million  of  dry  soil. 

Manure  applied  p 

er  acre 

JTone 

8  Tons 

16  Tons 

24  Tons 

Soil 

.Analyse 

3  1 

2 

<7 
nj 

4 

6 

7 

8 

Sand 

First 
Second 

.439 
.  4  i  t 

?.099 
1.207 

.384 

.329 
.439 

1.970 
2.080 

.329 
.329 

3.9  53 
4  .172 

.986 
.876 

<?ray    snt  Loam 

First 
Second 

rra  c  e 
Trace 

Trace 
Trace 

Lost 
~.ost 

.705 
.470 

1.645 
1.723 

3.291 
3.2.1 

1.567 
1.253 

.626 
.47C 

Erown  Silt  Loam 

First 
Second 

i  wo 

1.067 

1 .867 
1.353 

3.201 
5.201 

1  .600 
1.867 

1.600 
1.477 

1.867 
1.867 

3.468 
3.4  68 

2.134 
1.861? 
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These  analyses  show  that  there  is  considerable  error  or  var- 
iation in  the  determinations  in  some  cases.      mhe  amount  o^  the  p^art 
food  in  the  percolate  was  so  small  that  it  could  not  he  accurately- 
detected  by  the  method  used. 

The  following  tables  show  the  average  analyses  of  all  the  lea 
leachings . 


Table  III.  Average  Determinations  of  the    hosrhorus  in  Leachings. 

Parts  per  million  of  dry  soil. 


Manure  per  acre 

IT  one 

8  Tons 

16  Tons 

24  Tons 

Soil 

1 

2 

3 

4 

6 

8 

"and 

.848 

.147 

.027 

.013 

.033 

1.990 

1.250 

Gray  Silt  Loam 

.286 

.143 

Lost 

.323 

.315 

.720 

.445 

.469 

Brown  Silt  Loam 

.819 

.929 

1.048 

.573 

.622 

.680 

.868 

.730 

3200  lbs.  rock  phosphate  per  acre  additional 

Gray  Silt  Loam 

.462 

.282 

.238 

.262 

.167 

.114 

.234 

.119 

Brown  Silt  Loam 

Lost 

.295 

v  Q  % 

.458 

.131 

.356 

.491 

Table  IV.  Average  Determinations  oi'  the  ITitrogen  in  Leachings. 

"Tarts  per  million  of  dry  soil. 

Manure  per  acre 

Tone 

8  Tons 

16  Tons 

24  Tons 

Soil 

1 

£ 

4 

6 

7 

8 

Sand 

.429  ; 

L.153 

.356 

.384 

8.032 

3.294 

4.064 

Q'7'7 

Gray  Silt  Loam 

rrace  ! 

Frs  ce 

Lost 

.586 

1.684 

3.291 

1.410 

.548 

Brown  Silt  Loam 

L.200  : 

L.600 

3.201  " 

L.734 

1.534 

1.867 

3.468 

2.000 

So  far  as  these  analyses  show  neither  the  application  of  barn- 
yard manuce  nor  of  roci.  phosphate  has  any  effect  on  the  amount  of 
nitrogen  of  phosphorus  in  the  leachings.       In  table  III  it  seems  that 
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less  phosphorus  was  obtained  where  man-re  was  applied  than  where  it 
was  not.      The  nitrogen  determinations  are  open  to  criticism  because 
in  the  process  of  evaporating  the  leachings  down  to  500  cc.  it  is 
probable  that  nitro£en  in  the  form  of  ammonia  was  driven  off. 

The  following  talle  shows  the  results  computed  to  parts  per 
million  of  the  percolate.      These  figures,  however,  are  onlj  an  esti- 
mate in  a  way  as  the  exa^t  amount  of  the  percolate  was  not  determined. 
Altogether  26  liters  were  applied  per  pot,  and  in  making  these  calcu- 
lations it  was  estimated  that  25  liters  percolated  through. 


Table  V.  ^arts  of  Phosphorus  per  Million  of  the  Tercolate. 


Manure  per  acre 

IT  one 

8  Tons 

16  Tons 

2-  Tons 

Soil 

n 
C 

4 

6 

7 

8 

Sand 

.092 

.0  5 

.012 

.200 

.030 

1.780 

.760 

Cray  nilt  Loam 

.180 

.090 

Lost 

.202 

.198 

.452 

.280 

.294 

Brown    ilt  LoFm 

.560 

.  640 

.350 

.380 

.410 

.531 

.44  5 

3200  lbs. 

rock  phosphate  per 

acre 

add  it ional . 

Gray  Silt  Loam 

.291 

.177 

.150 

.165 

.210 

.070 

.147 

.07  5 

Brown  Tilt  Loam 

.224 

I  ost 

.182 

.240 

.  280 

.080 

.  200 

.200 

Table  VI.  T-arts  of  Litrofer, 

per  Trillion 

of  the  ~ercolate. 

LTan-re  per  acre 

Lrone 

8  Tons 

16  Tons 

24  Tons 

Soil 

1 

3 

4 

6 

7 

8 

Send 

1.030 

.319 

.344 

1.820 

3.640 

.836 

Cray  Silt  Loam 

Ircice 

Tr;-  ce 

Lost 

.369 

1.056 

2.066 

.885 

.344 

Brown  Tilt  Loam 

.  732 

.976 

1.953 

1.058 

.336 

1.136 

2.116 

1.220 

By  comparing  these  tables  with  Table  VII  it  will  be  seen  that 
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the  leachings  obtained  in  this  experim  nt  do  not  differ  markedly  in 
composition  from  ordinary  drainage  water. 

Table  VIII.  Nitrogen  and  ?hosp:>orus,   "arts  per  "illion  of 

Irainage  Water. 
'Voelc'zer,  Franhland,  and  TCay. ) 


Eo. 

Field 

Titrogen 

Phosphorus 

1 

TTnder  12  "vheat  "ields 

IE.  95 



2 

Vnder    Z  "heat  -""ields 

18.2F5 

.16 

*> 

'TTnder    4  Hop  Fields 

44.20 

.  62 

4 

Tlnmanured  "lot 

6.85 

r 
%j 

14  Tons  Farm  Manure  per  A. 

112.55 

6 

Unmanured  Plot 

.$0 

.24 

The  drain  water  for  numbers  4  and  5  were  collected  /an.  13, 
1868.     In  number  5  the  manure  w?  s  applied  to  the  plot  in  the  autumn 
previous.       The  drain  water  used  in  number  b  w;  s  collected  Aprii  21, 
1868. 

These  results  show  that  applications  of  manure  increas*  some- 
what the  amount  of  nitrogen  in  the  percolate,  but  there  are  not  suf- 
ficient analyses  to  show  that  it  increases  the  amount  of  phosphorus. 

On  page  146  of  7olume  V  of  Hothamsted  Memoirs,  Lawes  and  Gil- 
bert in  commenting  on  the  tables  showing  the  salt  content  of  drainage 
waters  say:-  "  The  chlorine  and  sofa  applied  in  manure  are  retained 
only  to  a  small  extent  either  by  the  wheat  crop  or  by  the  soil;  sul- 

/  /our.  F.oyal  Agricultural  Society,   Vol. XVII,  p  135. 
* Hothamsted  Memoirs,   Vol.  V,  p  89-91. 
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phuric  acid  is  retained  to  a  somewhat  greater  extent.  Phosphorus 
and  Potassium  ere  very  perfectly  retained,  the  part  unassimilated  "by 
the  crop  being  held  by  the  soil  chiefly  in  the  upper  layers;  this  is 
particularly  true  of  the  Phosphorus." 

On  page  145,  regarding  the  loss  of  nitrates,  they  say: --"Ni- 
trates are  largely  produced  in  the  soil  by  the  action  of  a  living 
ferment  on  the  nitrogenous  matter  and  ammonia.      Nitrification  takes 
place  chiefly  in  the  upper  layer  of  soil  and  is  greatly  favored  by 
the  presence  of  water,  and  "by  summer  temperature.       In  the  summer 
drain  waters  contain  little  or  no  nitrates,  after  harvest  the  nitratee 
reappesr  and  are  found  in  the  water  through  the  winter.'' 

Regarding  nitrification  these  suthcrs  have  previously  stated 
on  page  120  in  the  discussion  of  a  table  as  f oil ows : -- "The  rape  cake 
and  ^armyard  manure  were  both  applied  to  the  land  in  the  autumn;  in 
each  case  the  drainage  waters  are  richest  in  nitrates  in  the  winter. 
Nitrification  proceeds  far  more  slowly  with  these  organic  manures 
than  it  does  in  the  case  of  the  ammonium  salts,  the  amount  of  nitrates 
lost  by  drainage  even  in  a  wet  winter  is  thus  much  lesa  considerable'.' 
This  last  comment  explains  somewhat  the  reason  that  the  amount  of 
nitrogen  in  the  leachings  was  not  increased  by  the  application  of 
manures  to  the  pots  as  shewn  by  TableVI.      The  time  during  which  the 
leaching  of  the  pots  was  done  (60  days)  was  too  short  to  allow  for 
nitrification  of  the  organic  matter  added. 
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KIJTG  '  S  EXHER  IMEEFT  S . 
^rofesscr  F.H.Eing  while  in  the  Eureau  of  "oils  at  Wash- 
ington D.C.  did  some  work  on  the  effect  of  manure  on  the  soluble  salt 
content  of  the  soil.       In  his  lulletin  rTE"  which  wes  published  by 
him  Rt  Madison  Wisconsin  is  fiver  8  report  of  his  experiments .  They 
consisted  of  studies  on  8  different  soil  types,  4  poor,  and  4  strong 
ores.       The  poor  types  were  Norfolk  Sandy  °oil  and    relma  Silt  r,oam, 
Goldsboro  IT.C.;and  ITorfol>.  ""and  and  Sassafras  Sandy  Loam, Upper  Marl- 
boro Md.      The  stronger  ones  were  Kag erst own  Clay  Loam,  and  Hagers- 
town  Loam,  Lancaster  Penn. ;  and  Sanesville  and  Miami  Lcama,  Janes- 
ville  Wisconsin. 

Experiments  were  conducted  to  determine  the  effect  of  farm 
manure  on  the  water  soluble  salts  of  these  different  soil  when  applied 
at  the  rates  of  25f  50,  100,  and  200  tons  per  f ere.       The  2r  pound 
soil  samples  used  were  composites  taken  with  the  soil  tube  from  the 
surface  foot  of  the  unfertilized  plots  of  the  respective  types. 
The  soils  were  made  up  to  their  optimum  moisture  condition,  weighed 
out  in  4  pound  lots  and  treated  with  the  following  amounts  of  manure 
which  was  fresh  cow  dung  taken  from  the  lot  within  two  or  three 
days  after  drofping,  dried  at  100°  C  end  ground  to  a  powder. 
Table  VIII.  Amounts  of  Manure  .'dded  and  its  Equivalent  in  Tons  per  A. 


rKo.l 

No.  2 

So.  8 

T.o.4 

lJo .  r 

Grams  per     "  soil 

0 

14.18 

28.25 

56.77 

112.4 

lions  per  acre  6". 

c 

25.22 

Rfi  AH 

100.87 

201.73 

The  soils  were  kept  in  a  moistened  condition  in  i!!ason  2  qt. 
fruit  jars,  the  mouths  of  which  were  closed  with  a  loose  cotton 
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plugs  to  prevent  evaporation  and  to  allow  aeration.       Onee  a  week  the 
Jars  and  contents  v. ere  thoroughly  shaken  to  secure  a  uniform  exchange 
of  air  throughout  the  entire  volume  of  the  soil.      The  jars  were 
reigned  at  the  beginning  and  from  time  to  time  during  the  experiment, 
and  the  loss  from  evaporation  restored  "by  the  addition  of  water.  At 
the  end  of  a  period  of  65  days  samples  were  examined  for  water  sol- 
uble salts  recoverable  with  distilled  water.       To  procure  the  solut- 
ion for  analyses  100  grams  of  soil  were  weighed  out,  and  500  cc.  of 
distilled  water  measured  in  a  graduated  flask.      The  soil  was  then 
placed  ina  mortar,  enough  water  added  so  that  a  thick  paste  was  formed 
from  stirring  with  the  pestle,  which  process  was  for  the  purpose  of 
breaking  down  the  granulations.      The  remainder  of  the  500eo.  of 
water  was  then  adred  and  the  whole  stirred  vigorously  for  Z  minutes. 
The  supernatant  liouid  was  drawn  off  and  filtered  until  perf°^tly 
clear.       From  this  solution  the  determinations  of  the  salts  were  made 
by  means  of  the  photometric  method  described  in  Bulletin  EE  of  the 
Eureau  of  Toils. 

A  cfllorimetric  determination  of  the  water  soluble  salts  in 
the  manure  was  also  made,  and  from  the  data  thus  obtained    were  com- 
puted the  amounts  of  soluble  salts  added  to  the  soil  in  the  manure. 
Then,  as  determinations  were  made  of  the  soluble  salts  in  the  soil 
Before  the  manure  was  added, and  also  GE  days  after  it  had  been  applied 
sufficient  data  were  furnished  ,when  brought  together  to  evolve  the 
following  tables. 
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Table  II- s  Averse  effect  of  25.22  Tone  of  Manure  per  Acre  on 

the  4  poorer  soils. 
Parts  per  million  of  dry  soil. 


^lant  ?cod  in  Poluble  Form 

■yrr 

a 

v 

In  untreated  soil 

19.86 

1.0 

11.8 

In  manure 

.29 

2?.  5 

27.46 

Total 

20.15 

24  .5 

29  .26 

Fecoyered  at  end  of  60  da. 

2.87 

S.O 

1  ^  «  £  2 

retained     in  soil 

17.27 

P? 

*~  *  -  •  t  • 

19.74 

Tsble  2".     Average  effect  of  25.22  Tons  of  Manure  p<r  Acre  on 

the  4  stronger  soils. 
Parts  per  million  of  dry  soil. 


Plhnt  "oco  in  roluble  vorm 

TT 
18 

E 

1 

In  untreated  soil 

36.8 

2.6 

16.8 

In  Manure 

25.3 

29.72 

Total 

Zr(  .18 

27  .  9 

46.52 

Recovered  at  end  cf  60  da. 

16.04 

2.79 

21.07 

Retained     in  soil 

21.14 

2  5.11 

2  5  •  4  *5 

J 


Table  XI,  Average  effect  cf  50.43  Tons  of  Manure  per  Acre  on 

the  4  poorer  soils. 
Parts  per  million  cf  dry  soil. 


Plant  Food  in  Soluble  Form 

11 

V 

In  untreated  soil 

19.86 

1.0 

11.8 

In  manure 

.70 

47.0 

54.  92 

Total 

20.56 

48.0 

66.72 

Recovered  at  end  of  CO  da. 

.64 

6.13 

28.25 

P.etpined  in  soil 

19.92 

41.87 

38..  7 

Table  XII.  Average  effect  of  50.43  Tons  of  Manure  per  Acre  or 

the  4  stronger  soils, 
"arts  per  million  of  dry  soil. 


~lant  Food  in  Soluble  Form 

H 

P  • 

K 

In  "untreated  soil 

36.8 

2.6 

16.8 

In  manure 

.76 

sr  R 

o  9  »  2  5 

Total 

57.56 

53.1 

76.25 

Recovered  at  end  of  6C  da. 

7  .98 

4.6 

£8.47 

Retained  in  soil 

pa  ro 

48.5 

47.78 
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Table  XIII.  Average  effect  of  ICO. 8  '  Tons  of  Manure  per  Acre  on 

the  4  poorer  soils. 
Psrts  per  million  of  dry  soil. 


Plant  Food  in  Holuble  Form 

yrr 

X\ 

K 

In  untreated  soil 

19.86 

1.0 

11 .80 

"n  manure 

1 .41 

94 .  nr 

109,86 

Total 

21.27 

9  5.03 

121.66 

F.eccvered  at  end  of  60  da 

2.36 

12.39 

57.16 

Retained  in  soil 

18.91 

82.64 

64.51 

Table  71 V.  Average  effect  of  100.87  Tons  of  Manure  per  Acre  on 

the  4  stronger  soils. 
Parts  per  million  of  dry  soil. 


Plant  food  in  soluble  form 

H 

p 

K 

In  untreated  soil 

36.8 

2.6 

16.8 

In  manure 

1.52 

100.9 

118.92 

Total 

38. 2  2 

103.5 

135.72 

Recovered  at  end  of  60  da. 

11.95 

8.9 

37  .05 

Retained  in  soil 

26.37 

94.6 

98.67 

I 
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Table  XV.  Average  effect  of  201 ,72  Tons  of  Manure  per  Acre  on 

the  4  poorer  soils 
^arts  per  million  of  dry  soil. 


Plant  Food  in  Soluble  Form 

H 

P 

In  untreated  soil 

19.86 

1.0 

11.8 

In  manure 

2.82 

188.0 

214.72 

Total 

22.69 

189  .0 

226 . 52 

Recovered  at  end  of  66  da. 

.96 

35.6 

121.25 

detained  in  soil 

21.73 

153.4 

105.27 

Table  XVI.  Average  effect  of  201.72  Tons  of  I'anure  per  Acre  on 

the  4  stronger  soils. 


^lant  Food  in  °olu"ble  Form 

IT 

xr 

il 

In  untreated  soil 

26.8 

2.6 

16.8 

Tn  ^ STiv re 

2.  ">6 

801.9 

?38.25 

lotal 

29.86 

204.5 

255.15 

Recoverable  at  end  of  60  da 

.81 

26.40 

85.90 

Retained     in  the  soil 

29.05 

176.1 

169 .25 
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Table  XVII.  Summary  of  Amounts  of  Elements  of  :^lant  Food 

Retained  in  the  Coil. 
Farts  per  million  of  dry  soil. 


Ilanure  applied 

25.22  ^ons 

5f:.43  Tons 

100.87  Tons 

201.72  Tons 

roils 

Pc 

tassium. 

4  stronger 

25.45 

47.78 

98.67 

169.25 

4  poorer 

OO  .  c  / 

LUU  *  C  f 

Hi 

trogen 

4  stronger 

21.14 

29  .58 

26.37 

39.05 

4  poorer 

17.27 

19.92 

18.91 

21.7? 

PI 

csphorus 

4  stronger 

25.11 

48.50 

94.60 

178.10 

4  porter 

22.  39 

41.87 

82.64 

1  gp5 1  /■  o 

On  page  41  of  Prof,  ring's  lulletin  "E"  is  fiven  a  table 
the  same  es  Table  XVII  above  only  the  amounts   'except  of  potassium) 
are  expr<.ss.ed  as  the  salt  instead  of  as  the  elements.     These  results 
th!  t  Zing  has  computed  do  not  in  every  case  a^ree  exactly  with  Table 
XVII.      T'in£'s  table  computed  to  parts  of  the  elements,  instead  of 
parts  of  the  salts  per  million  is  as  follows:  
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Table  XVIII.  Elements  Added  in  Soluble  Form  "but  not 
Recovered  at  the  End  of  65  Daye . f£ing) . 


Manure  applied 

25.22  Tons 

$0.47  Ions 

100.87  Tons 

201.73  Tons 

Soils 

Dtassium 

4  stronger 

25.46 

47  .79 

98.68 

169.25 

4  poorer 

19.76 

78.: 38 

62 . 01 

100. 57 

K 

itrogen 

4  stronger 

21.12 

21.47 

70.64 

79.02 

4  poorer 

18,62 

18.^7 

18.96 

21.78 

Dtassium 

4  stronger 

^5.12 

48.50 

95.44 

178.12 

4  poorer 

22.29 

41.88 

82.*64 

152.40 

The  figures  in  Table  XVIII  which  are  underscored  are 
those  that  do  not  a^ree  with  the  corresponding  ones  in  Table  XVII. 
This  discrepancy,  however,  does  not  effect  the  results  materially, 
the  same  principle  being  brought  by  either  table.      From  these  fig- 
ures it  seems  that  the  amount  of  soluble  plant  food  in  the  soil 
that  has  had  manure  incorporated  with  it  for  65  days  is  less  than 
the  sum  of  the  original  soluble  plant  food  of  the  soil  plus  that 
which  was  added  in  the  manure.      Manure,  therefore,  so  far  as  these 
figures  show  has  the  opposite  of  a  liberating  effect  on  the  plant 
food  of  the  soil.      However,  at  the  same  time  that  Prof.  Eing  made 
these  determinations  of  nitrogen,  phosphorus,  and  potassium,  he 
also  determined  the  amounts  of  other  salts  in  the  soil,  among  which 
were  sulphates,  bicarbonates ,  and  chlorides.      With  these  salts 
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there  was  in  every  case  a  greater  amount  recoverable  with  water  at 
the  end  of  65  cays  than  there  wae  present  in  the  soil  plus  that  in 
the  manure.      iiCcording  to  these  experiments,  then,  farm  manure  does 
have  a  liberating  effect  on  the  sulphates,  bicarbonates ,  end  chlorides 
for  the  salts,  without  exception,  went  into  solution  in  increasing 
cuantities  as  the  amounts  of  manure  were  increased. 

In  addition  to  his  experiments  in  which  the  salts  were  re- 
covered by  vigorous  agitation  of  the  soil  for  3  minutes  with  dis- 
tilled water,  Prof.  Ting-  did  some  work  on  the  amounts  of  salts  re- 
covered from  heavily  manured  soils  by  continoue  percolation.  For 
this  v»  ork  only  two  soils  were  used,  the  vfanesville  Loam  and  the 
ITorfolk  Sand,  representing  the  strong  and  poor  types  of  toils  respect- 
ively.      206  days  after  the  manure  had  been  first  incorporated  in  the 
soil,  samples  were  taken  for  percolation  tests  from  those  lots  which 
had  had  the  manure  applied  at  the  rate  of  200  tons  per  acre.  The 
weight  of  the  air- dry  samples  used  in  the  percolation  experiments 
were  as  follows:  -  -Tanesville  Loam  11$. 2  grams,  and  Horfolk  rand 
154.5  grams.      These  amounts  were  packed  in  a  moistened  condition 
in  a  r:asteur  filter,   in  vhich  they  formed  a  layer  3/16  of  an  inch 
thick,  and  then  subjected  to  slow,  continous,  uniform,  percolation 
with  distilled  water  until  6000  cc.  had  been  collected.      By  the 
comparison  of  the  amcnnts  of  salts  thus  recovered  with  the  original 
amounts  in  the  soil  and  manure,  the  effect  of  the  manure  is  shown. 
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Table  XIX.  Effect  of  Manure  at  the  Rate  of  200  Tons  per  /ere  on  the 
Soluble  r;  Its  when  Incorporsted  in  the  Toil  for  206  lays. 


Parts  per  million  of  dry  soil. 
I.  Janesville  Loam. 


Baits  Present  r 

TT" 

so4 

HCOp 

In  Soil  40.1 

5.75 

19.12 

56.2 

20. 

2 . 

in  Manure  3.12 

205.65 

242.16 

25.22 

57.98 

on/  o 
cU4  .  : 

Total                4  7.22 

211.40 

261.28 

61.42 

77.98 

Recovered  43.87 

14.51 

104.62 

POO 

372.22 

50  30 

Retained  -.65 

197.09 

156.66 

-160.91 

-294.24 

156.60 

II.  Norfolk  Rand. 

In  Roil  16.15 

.77 

11.02 

9 . 9 

14  .00 

47c0~ 

In  Manure  2.79 

182.46 

216.05 

22.5 

51.75 

182.81 

Total  18.84 

183.23 

227.97 

32.4 

65.73 

186.81 

Recovered  33.24 

11.9 

62.24 

118.26 

412.34 

39.90 

Retained  -14.40 

171.33 

165.73 

-85.86 

-546.61 

147.91 

Table  XIX  is  open  to  the  criticism  that  the  salts  present  in 
the  untreated  soil  were  determined  by  agitating  the  soil  with  water 
while  those  recovered  at  the  end  of  206  days  were  determined  by  per- 
colation.     However,  the  error  from  this  source  is  probably  not  large 
anc  the  tables  may  be  taken  at  representing  reasonably  accurately 
the  effect  of  the  manure. 

It  will  be  seen  that  the  amount    of  soluble  nitrogen  is  in- 
creased by  the  application  of  manure,  a  fact  which  was  not  true  at  the 
end  of  65  days.      The  amounts  of  the  phosphorus  and  potassium  recovers, 
ed  are  not  iaarkedly  different  from  those  which  were  recovered  at  the 
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end  of  65  days.      The  manure  had  a  marked  liberating  effect  on  the 
sulphates  and  bicarbonates ,  but  an  absorbing  effect  on  the  chlorides. 

COHCLTJSIOUS. 

From  the  data  brought  together  in  this  thesis,  both  regard- 
ing soluble  salts  or  elements  in  a  soluble  form  recoverable  either 
by  percolation  or  by  stirring  with  water,  it  appears  that  in  periods 
of  60  or  65  days  farm  manure  has  a  retaining  effect  on  the  elements 
nitrogen,  phosphorus,  and  potassium.      In  no  case  during  this  length 
of  time  has  the  amounts  of  these  elements  in  the  soluble  form  been 
equal  to  the  amount  added  plus  the  amount  already  in  the  soil. 

In  periods  of  longer  contact  between  the  soil  and  the  manure 
more  nitrogen  becomes  available,  so  that  its  amcints  may  surpass  the 
sum  of  those  applied  and  those  previously  in  the  soil.  However, 
longer  contact  between  the  soil  and  the  manure  does  not  seem  to 
cause  more  phosphorus  or  more  potassium  to  go  into  solution  to  any 
extent . 

The  liberating  effect  of  the  manure  seems  to  be  all  exerted 
on  the  salts  and  elements  of  no  plant  food  value.       In  ^rof.  ring's 
experiments  the  sulphates,  bicarbonates,  and  Chlorides  have  in  65 
day  periods  gone  into  solution  in  increasing  quantities  as  the  amounts 
of  manure  were  increased. 


*>     in  >  * 


1 


HOB 


*        #        *       f  ■  f 


*  llo^     *     +     *      *******  * 


*  *  *  *  *  ******  *  * 


♦  * 


*      *      *     *     *     *     %  '   T  * 


*      f     *     *  f 


1r 

* 

* 

* 

w 

* 

* 

4k 

* 

* 

* 

1* 

V§ 

* 

* 

w 

* 

If* 

* 

* 

* 

It 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

-* 

> 

> 

+ 

* 

* 

If 

if 

* 

* 

* 

* 

* 

* 

1r 

* 

* 

* 

* 

* 

1h 

*  *   *  ; 
*   *   ^  4, 

*  i    *  i 


Mm 


*  #  *   +  +   +   +  +   4  t 

*  #     ^     ^      f      *      *      *      *  * 
#     #      #•    *      *     *     #      *  # 


